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Abstract Culture models of tissues and organs are
valuable tools developed by basic research that help
investigation of the body functions. Modelling is
aimed at simplifying experimental procedures in order
to better understand biological phenomena, and con-
sequently, when suYciently characterized, culture
models can also be utilized with high potential in
applied research. In skin biology and pathology, the
development of cultures of keratinocytes as monolay-
ers has allowed the elucidation of most functional and
structural characteristics of the cell type. Beside the
multiple great successes that have been obtained with
this type of culture, this review draws attention on sev-
eral neglected characteristics of monolayer cultures.
The more sophisticated models created in order to
reconstruct the fully diVerentiated epidermis have fol-
lowed the monolayers. The epidermal reconstruction
produces all typical layers found in vivo and thus
makes the model much less simple, but only this kind
of model allows the study of full diVerentiation in
keratinocyte and production of the corniWed barrier.
In addition to its interest in basic research, the recon-
structed epidermis is currently gaining a lot of interest
for applied research, particularly as an alternative to
laboratory animals in the chemical and cosmetic
industry. Today several commercial providers propose
reconstructed skin or epidermis, but in vitro assays on
these materials are still under development. In order
to be beneWcial at long term, the validation of assays
must be performed on a material whose availability
will not be interrupted. We warn here providers and
customers that the longevity of in vitro assays will be
guaranteed only if these assays are done with well-
described models, prepared according to published
procedures, and must consider having a minimum of
two independent simultaneous producers of similar
material.
Introduction
The human epidermis is the crucial tissue that pro-
duces a sturdy, Xexible and self-repairing barrier
between our internal body organs and our environ-
ment. Its major function is to protect the body from
dehydration, loss of nutrients and unwanted eVects of
all the substances coming into contact with the skin in
several forms depending on their physicochemical
properties such as vapour deposition, liquid contact or
solid contact such as contaminated soils or metals. Fur-
thermore, it contributes to the protection against the
living organisms we encounter around us, i.e. other ani-
mals, plants and fungi, as well as micro-organisms
invisible for the human eye: essentially bacteria and
viruses. In order to be and remain eVective, the epider-
mal barrier must protect the body from most frequent
potentially harmful physical, chemical or biological
harassment. Therefore, most studies of the epidermis
address questions that have a more or less close
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relationship with production, maintenance, and repair
of the epidermal barrier.
In this review, we will present how culture models of
the epidermis have been developed in order to answer
basic questions on this tissue:
– How do epidermal keratinocytes follow the Wnely
tuned program of diVerentiation that is Wnally
responsible for the formation of the epidermal bar-
rier?
– How can we use in vitro models of the epidermis in
order to evaluate safely and ethically whether a part
of our environment is potentially harmful to our
skin?
In other words, we will focus on models aimed at
studying in vitro the role of keratinocytes, the main cell
type of the epidermal tissue, and illustrate how these
models can be valuable tools for basic and applied
research on the epidermis. As a conclusion, we will dis-
cuss how much critical is guaranteed availability of a
model before it can be utilized in routine evaluations.
Several practical limitations in the in vivo studies of
the human epidermis have led to an ever increasing
number of in vitro studies when the attention of
researchers focused on the human epidermis or the
human skin [41]. For this purpose, in vitro protocols
using excised human or animal skin samples have been
developed [18] and adopted in the OECD guideline
428 [25]. However, for legal and ethical reasons, the
use of such kind of substrates is often limited and
closely regulated especially for the evaluation of cos-
metics. Moreover, the relevance of conclusions drawn
from animal data for human skin has always been ques-
tionable. Therefore, OECD have stated, that i.e. for
percutaneous absorption studies artiWcial human skin
models could be used also, given equivalency is proven
[24].
Such kind of in vitro models were developed in sev-
eral research laboratories during the last 30–40 years,
and skin models became progressively available from
commercial companies [15]. Among their advantages,
in vitro models avoid for instance the need to recruit
volunteers for a speciWc study. They also reduce the
number of laboratory animals required, even though
certain models still require the sacriWce of donors (e.g.
newborn mice) in order to set up the culture of epider-
mal cells. Most interestingly however, models in cul-
ture allow a clear separation between the cutaneous
cellular components which thus can be analysed indi-
vidually. More recently, some of these have become
commercially available [23] and have undergone vari-
ous validation programs in order to evaluate their
suitability in cutaneous toxicology and pharmacology
[8, 23, 45, 49]. They exhibit a similar diVerentiation pat-
tern compared to the normal human epidermis in vivo,
and represent reproducible models in a controlled
environment [32,  43]. Consequently, factors such as
variability of skin source, i.e. diVerent donors or diVer-
ent anatomical body sites, which could inXuence the
Wnal results, can be ruled out.
Although they represent a major improvement over
what was available just a few years ago, it is evident
that no model is ideal. In general, each model exhibits
advantages for a particular kind of studies, but is also
restricted by limitations that impede its use in other
kind of studies. The precise understanding of a model
is based on the knowledge of multiple research data
published in several, sometimes relatively old, research
papers in which the relevant information is often not
easy to retrieve from a large bunch of data that may
have become obsolete. In this review, we focus on both
simple and more sophisticated models available to date
for in vitro investigation of the human epidermis,
emphasizing largely on serum-free models that become
increasingly popular. Indeed, serum-free cultures of
human keratinocytes are made easier thanks to the
availability through several companies of culture
media and isolated cells (e.g. [47]). However, those
serum-free cultures remain too often poorly under-
stood because critical information on them is scattered
in the literature and thus remains in the shade of the
information available on older models using serum as a
component of the growth medium. Particularly, we will
try here to present and discuss uncommon advantages
and limitations that appear ignored by too many skin
researchers.
The epidermis
In order to produce and maintain the vital epidermal
barrier, the keratinocyte, the main cell type in this tis-
sue undergoes proliferation and diVerentiation. During
the progressive terminal maturation of the keratino-
cyte, its cellular morphology changes from typically
cuboidal in the undiVerentiated proliferative cells
anchored on the epidermo-dermal junction in the basal
layer, into a squamous morphology in the dead cells of
the corniWed layer. Between these layers, morphologi-
cal changes mean taking shape of a prickle cell within
the spinous layer and intracytoplasmic accumulation of
dark structures, named keratohyalin granules, inside
the granular layer, underlying the corniWed barrier.
The typical epidermal organization into four layers
reveals that inside the keratinocytes, the diVerentiation
program is intended to produce the epidermal barrier.Arch Dermatol Res (2007) 298:361–369 363
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The appearance of diVerent layers simply results from
progressive maturation of this cell type inside the epi-
dermis. Because desquamation, i.e. detachment of cor-
niWed keratinocytes, occurs regularly from the surface
of the epidermis, a constant proliferation of cells in the
lowest basal layer must be regulated in order to guar-
antee homeostasis of the epidermal tissue, i.e. an equi-
librium between the number of cells lost from the
surface of the body and the number of new keratino-
cytes produced deeply within the basal layer. Of
course, this homeostasis is crucial for the tissue’s well-
being.
Keratinocytes represent the Wrst epidermal normal
cell type that has been grown successfully in culture
[40]. Keratinocytes can be cultured in immersed condi-
tions as a monolayer or as stratifying layers, but we will
see below that it can further be grown in conditions
where the cultured cells reconstruct the basis of an epi-
dermis with three dimensional organization and pro-
duction of a corniWed barrier when the surface of the
culture is exposed to the air [37].
Other minor cell types occupy the epidermis. Mer-
kel cells are linked to neural sensitive endings and are
not yet a cell type which can be grown in tissue culture,
however the cell type can be isolated and cultured with
keratinocytes. In the presence of nerve cells, Merkel
cells establish synapses and their survival is promoted
by the nerve cell [46]. A current hypothesis proposes
that Merkel cell type diVerentiates by an unknown
mechanism from keratinocytes themselves [48]. Thus,
the identiWcation of this hypothetical mechanism could
one day render possible the diVerentiation of cultured
keratinocytes into Merkel cells. Langerhans cells are
antigen-presenting dendritic cells that enter the epider-
mis from blood circulation and become sentinels inside
the spinous layer. Once stimulated by a foreign
intruder, a Langerhans cell leaves the epidermis in
direction of the lumen of lymphatic vessels in order to
meet other cells of the immune system within lymph
nodes. Langerhans cells can be produced in vitro from
CD34-positive cells [4] and are eventually available for
incorporation into more specialized epidermal in vitro
models based on keratinocytes [14, 38]. Their diVeren-
tiation into dendritic cells can occur in vitro, opening
the possibility of preparation of immunocompetent
reconstructed skin [12]. The incorporation inside a
model made up of keratinocytes is also possible with
melanocytes, the pigment-producing cell type in the
epidermis. This cell type can indeed be successfully iso-
lated and cultured from the human epidermis [29] and
so it can be diluted into a suspension of cultured kerat-
inocytes when those cells are plated in order to recon-
struct in vitro a human epidermis [38].
The Wrst model
The problem of growing large number of keratinocytes
has been solved more than 30 years ago now, during an
elegant study of teratogenic cell line by Rheinwald and
Green [39]. Basically, they found that certain culture
conditions induced in this teratogenic cell line a matu-
ration that mimics epidermal keratinisation [39]. The
clever deduction was that if those conditions were
favouring an epidermal phenotype for the teratoma
cell line, same conditions might be beneWcial for nor-
mal epidermal keratinocytes themselves. This proved
to be the case [40] and from then on normal keratino-
cytes were grown easily and conXuent cultures were
even used for grafting in patients with extensive burns
for instance or for treatment of other conditions like
giant naevi [17]. In this Wrst model of cultured epider-
mal cells [40], serum is included in the culture medium,
a feeder-layer of irradiated Wbroblasts helps the growth
of colonies of keratinocytes, the epidermal growth fac-
tor (EGF) and insulin are parts of the medium and
cholera toxin is further used for its beneWcial eVect on
cyclic-AMP production. When keratinocytes grow and
expand their colonies in this model, they compete with
Wbroblasts of the feeder-layer for the plastic substrate,
so the mesenchymal cells are shed into the culture
medium, whilst keratinocytes form a basal layer of
anchored cells able to proliferate, as demonstrated by
incorporation of bromodeoxyuridine [33]. Some kerat-
inocytes leave simultaneously the basal anchorage and
migrate upwards in order to produce stratiWcation and
induce diVerentiation. DiVerentiating keratinocytes in
this model exhibit strong expression of the marker
involucrin as early as in the Wrst suprabasal cell layer
[1], a situation that diVers from in vivo diVerentiation
where involucrin is mainly induced in upper spinous
and granular layers. In consequence, this culture model
is certainly suitable for easy large production of kerati-
nocytes and can be utilized for particular studies of epi-
dermal cell growth and diVerentiation. However, the
presence of serum and EGF with insulin makes studies
of epidermal cytokines and growth factors quite diY-
cult in such conditions where interference with mole-
cules already present in the culture medium impedes
clear determination of the roles assigned to those mol-
ecules. So proliferative cells and diVerentiating cells
are present simultaneously in those cultures, early after
seeding of keratinocytes, while Wbroblasts of the feeder
layer are also present, which makes diYcult the dis-
crimination between events occurring in proliferative
keratinocytes and their modiWcation or the appearance
of new events in diVerentiating keratinocytes, or sim-
ply normal phenomenon in Wbroblasts. This limitation364 Arch Dermatol Res (2007) 298:361–369
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has probably been responsible for the frequent use of
a particular technique in order to analyze the onset of
terminal diVerentiation, the suspension of single
keratinocytes in culture medium made viscous by the
dissolution of methylcellulose, a situation quite distant
from the natural environment of keratinocytes in the
epidermis.
In summary, although this model has been used the
most frequently, notably as revealed by a number of
citations over 2000 since its publication, the Wrst model
of epidermal keratinocyte exhibits limitations for sev-
eral studies of human keratinocytes. This probably
explains the emergence of other models.
Cultures of keratinocytes in serum-free conditions:
the controversial role of calcium and autocrine growth
The calcium concentration in regular culture media is
usually between 0.3 and 2 mM. Investigations of mouse
keratinocytes in culture identiWed calcium as a regula-
tor for growth and diVerentiation[19]. It was indeed
demonstrated that, by modulation of the extracellular
calcium concentration, it was possible to modify prolif-
erative and diVerentiating properties of mouse kerati-
nocytes [51]. This tight link between the calcium
extracellular concentration and the expression of pre-
cise diVerentiation markers had a considerable impact
on the keratinocyte community: calcium was from then
on considered has the regulator of choice for epidermal
diVerentiation. The beneWcial eVect of reduced calcium
concentration,  Wrst observed on the cell growth of
murine keratinocytes, was explored rapidly with
human keratinocytes and resulted in publication of
successful methods for their culture in a serum-free
medium [3]. However, is the whole diVerentiation of
the human keratinocyte as tightly regulated by calcium
as is the case with mouse keratinocytes ? The answer is:
“probably not”, but the inXuence of calcium on cell-
cell interactions and particularly on stratiWcation of
keratinocytes through the formation of desmosomes
arose from those early studies [3]. The eVect of the
stratiWcation phenomenon itself on the induction of
diVerentiation was then questioned. As early as in
1984, a largely under-considered study demonstrated
that colony forming eYciency of human keratinocytes
was more dependent on cell density in the culture plate
than on the calcium concentration in the culture
medium of keratinocytes, strongly suggesting that in
those conditions the modiWcation of extracellular calcium
concentration has less eVect on human keratinocytes
diVerentiation than on mouse keratinocytes [50]. This
was conWrmed later, for instance when the expression
levels of early markers of diVerentiation, the supraba-
sal keratins 1 and 10, were shown independent of cal-
cium but regulated by cell density at conXuence of the
culture [13, 34].
This new idea that epidermal diVerentiation was not
so tightly linked to calcium concentration in human
keratinocytes did not gain attention from all research-
ers in the Weld since the reverse idea had been long ago
accepted and could not be challenged so easily. Fur-
thermore, the sensitivity of certain gene expression and
the discovery of calcium-sensing proteins made the
hypothesis of a central role of calcium in epidermal
diVerentiation even stronger. However, recent obser-
vations have interestingly demonstrated that the role
of calcium in epidermal diVerentiation has been
strongly exaggerated [21]. It was even shown, using
high density microarray analysis, that two known
inducers of epidermal diVerentiation, i.e. cell detach-
ment from the culture substrate (the suspension cul-
ture in methylcellulose) and cell density reaching
conXuence of the culture, are much stronger regulators
of epidermal diVerentiation than the extracellular cal-
cium concentration [2]. Unfortunately, those conWrma-
tions are still largely ignored today and publications
still appear in which an increased concentration of cal-
cium is presented as a certiWed way to induce keratino-
cyte diVerentiation, with no need to control at least one
diVerentiation marker (e.g. [26]).
In summary, although the serum-free culture condi-
tions for the growth of human epidermal keratinocytes
utilize low extracellular calcium concentration in order
to favour cell proliferation, epidermal diVerentiation of
this cell type does not necessarily require an increase in
calcium concentration. Increasing the extracellular cal-
cium concentration certainly helps in the establishment
of the cellular stratiWcation of keratinocytes [28] and
this triggers expression of diVerentiation markers, how-
ever keeping it low does not impede the commitment
of keratinocytes towards irreversible growth arrest and
terminal diVerentiation [34].
Another remarkable observation already performed
15 years ago in serum-free cultures was that rapidly
growing keratinocytes cultured in absence of any pep-
tide growth factor are able to grow continuously [5],
simply by autocrine stimulation of the EGF receptor
[30]. Indeed, a medium conditioned by growing kerati-
nocytes was shown to contain a growth factor regulated
by heparin sulphate and secreted by keratinocytes.
This autocrine factor was identiWed as amphiregulin
[6], one member of the EGF family of growth factors,
able to bind and activate the EGF receptor. This obser-
vation is Wrstly of interest for those researchers who
want to speciWcally study epidermal cytokines andArch Dermatol Res (2007) 298:361–369 365
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growth factors. Indeed, because no peptide component
is added to the medium, the autocrine culture model
allows the precise study of any added protein. The sec-
ond interest of autocrine cultures is demonstrated in
the study of diVerentiation of keratinocytes in such
conditions. Indeed, it was then proven that addition of
EGF in the medium of cells that attain culture conXu-
ence alters strongly the expression of the early diVeren-
tiation markers keratins 1 and 10 [34]. Thus, autocrine
conditions only provide a correct estimation of expres-
sion and accumulation of suprabasal keratins 1 and 10
when stratiWcation is initiated. Simultaneously, the
expression of involucrin is shown to increase slightly at
conXuence in autocrine conditions, but is further
induced in postconXuence, mimicking the sequence of
events described during the stratiWcation and epider-
mal diVerentiation of keratinocytes in vivo [35].
These data argue in favour of the autocrine model
when researchers are interested in the events linked to
the onset of terminal diVerentiation in keratinocytes,
since EGF and vitamin A from serum lipoproteins may
account together for an inhibition of the suprabasal
keratins, but also for a precocious upregulation of
involucrin [35].
Culture at the air–liquid interface
The culture of keratinocytes as monolayers represents
a tool highly useful in basic research on the biology of
this cell type. However, since no production of the cor-
niWed layer can occur in those conditions, in vitro stud-
ies of the diVerentiation program at the level of
granular and corniWed layers was impossible as were
studies of the epidermis as a tissue.
As early as in 1983, Pruniéras et al. [37] have dem-
onstrated that it is possible to get full diVerentiation in
vitro simply by raising cells up to the air–liquid inter-
face. This technique has been Wrst developed by cultur-
ing keratinocytes over a de-epidermized dermis [37] or
on a gel of collagen, or on a lattice including Wbroblasts
and collagen [20]. Apparently, the interface with air
stimulates in keratinocytes the synthesis of proWllagrin
and thus the appearance of the granular phenotype
when keratohyalin granules develop. These granules
never appear in immersed culture conditions and seem
to be the missing link that allows the Wnal gain-of-func-
tion for keratinocytes during cell corniWcation. In such
culture conditions, keratinocytes located at the top of
the granular layer scarify and leave their fully diVeren-
tiated cell skeleton (represented by the aggregated
intermediate Wlaments) or cell shell (represented by
the corniWed envelope formed after activation of
transglutaminase) to the human body in order to main-
tain the superWcial barrier.
The eYciency of the barrier is variable in vivo, but
its eYciency when produced in vitro using the air–
liquid interface as the triggering mechanism has been
questioned as permeability measurements revealed a
too much permeable interface [44, 52]. So far in vitro,
no production of sebum occurs that will help to create
an hydrophobic interface. However, even with minimal
production of sebum, the human skin demonstrated
better barrier function than the barrier of recon-
structed epidermis. This diVerence was identiWed to
result from an altered composition in lipids present in
the corniWed layer [31]. The inclusion of vitamin C in
culture medium was then shown to improve the barrier
properties of the reconstructed epidermis [27] due to
an improved lipid composition in the stratum corneum
[31]. We now obtain epidermis in vitro with increas-
ingly eYcient barrier.
Very recently, a thorough study has been under-
taken in order to identify and understand molecules
controlling epidermal stratiWcation, but also barrier
formation. Comparing immersed epidermal cultures
with cultures incubated at the air–liquid interface, that
study interestingly described important roles of several
molecules from diVerent, sometimes unexpected, met-
abolic pathways in establishing the fully diVerentiated
phenotypes, proving that the process of terminal diVer-
entiation is more complex than a process involving
structural molecules only [22].
The reconstruction of epidermis on Wlter
Growth at the air–liquid interface in vitro means feed-
ing the epidermal cells from the bottom of the recon-
structed tissue, through the basal layer. This is close to
the situation in vivo, but must be done without any
blood circulation: impregnating a collagen gel or a der-
mis with liquid culture medium containing all the com-
ponents required for keratinocyte proliferation,
stratiWcation and diVerentiation. However, since the
techniques of cell culture want Wrst to reproduce the in
vivo organs and tissue, but also since those techniques
also try to simplify complex histological structures in
order to isolate phenomena and consequently allow
easier studies scheduled to improve our understanding
and permit reWned analysis of otherwise too complex
phenomena, the 3D-reconstruction of the epidermis
has been adapted to basal inert substrates such as
porous Wlters [42]. Filters provide a solid mechanical
support on which keratinocytes can attach through
integrins, organize hemidesmosomes and then stratify366 Arch Dermatol Res (2007) 298:361–369
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thanks to the formation of adherens junctions and des-
mosomes in order to form the typical epidermal layers.
These layers can then be easily exposed to the air–liquid
interface when the culture medium is only present in
the compartment under the Wlter. The diameter of the
pores in the Wlter must be small enough in order to
impede keratinocyte migration through the holes and
an eventual colonization of the other side of the Wlter.
Several porous substrate can apparently be used, as
long as cell adhesion occurs easily, and in the recon-
structed tissue, the pattern of gene expression is very
similar to the pattern analysed from skin samples
[16, 42].
Although the reconstructed skin is interesting in
order to study particular interactions between diVerent
cell types, or at the epidermo-dermal junction, the
presence of a complex biological structure and its com-
ponents is a real problem when a study’s aim is to focus
on the measurement of epidermal phenomena. Fur-
thermore, this problem is crucial when a study intends
to detect and identify growth factors or cytokines that
are secreted or released from keratinocytes at diVerent
levels of the epidermis. Indeed, in this case, the pres-
ence of the superWcial barrier leaves as the unique pos-
sibility for the molecules to escape the tissue by
diVusion towards the basal surface. Whereas a biologi-
cal gel or dermis will then trap, sometimes avidly, the
molecules escaping the epidermis, a Wlter will provide a
relatively inert interface with holes big enough for the
passage of macromolecules towards the medium bath-
ing the tissue from the other side of the Wlter.
This type of reconstructed epidermis has been
reWned progressively and has been rendered available
through a commercial source, but its production using
commercially available reactives and media does not
present real diYculties in any laboratory where batches
of human cultured keratinocytes are available [36].
Furthermore, since autocrine conditions have been
identiWed during the growth of keratinocytes, the cul-
ture conditions have been oriented towards serum-free
conditions, assuming that the more simple the culture
environmental conditions, the easier the study of cell
and tissue reactions.
Use of the reconstructed epidermis for the testing 
of chemicals
The availability of cultured skin models didn’t mean
automatically the availability of validated biological
assays on such material. The current availability of cul-
tured cutaneous organ and tissue, plus their reproduc-
ibility and the multiplicity of sources from where this
kind of material is available, indicate at Wrst that the
era of in vitro assays has begun to replace the tests for-
merly performed on living animals. Those assays
expand quickly in order to follow the rule of the 3 “R”s
and its enforcement in developed countries.
The reconstructed epidermis can be used for the
testing of chemicals. BrieXy, with the reconstructed
epidermis, either commercially available or produced
in our lab, we have shown that following suggestions
made by Corsini and Galli [10, 11], very typical behav-
iours in term of viability and release of interleukins
1alpha and 8 diVerentiated a surfactant with sensitising
potential from other detergents with weak, mild and
strong irritation potential [7, 36]. In view of our data,
the pressure to test such an easy procedure with other
substances was very strong. Even though releases of
cytokines similar to our Wrst study were found, enlarg-
ing the number of compounds rendered the analysis of
the data much more diYcult at Wrst glance [9]. Retriev-
ing and comparing the data of diVerent compounds at
diVerent concentrations, we realized that a standardi-
zation of the procedure was required [9]. A solution
based on starting by the determination of an MTT50
value (the compound’s concentration that preserves
50% of survival based on an MTT assay) was suggested
and Wnally tested on the larger number of substances.
This procedure gives us a common reference as it
determines at which concentration of the substance the
release of interleukin 1alpha and the release of inter-
leukin 8 have to be measured. Then, ratioing the mea-
surements clearly partition compounds with irritant
potential from compounds known to induce sensitisat-
ion in vivo [9]. Since then, the procedure has been
applied to other compounds and again, data and con-
clusions proved highly convergent with in vivo analysis
(unpublished data), bringing great hopes for the vali-
dation of this procedure.
The continuous availability of a model
Since the elaboration of in vitro skin models has arisen
as an elegant response to the requests of activists wish-
ing to ban the use of laboratory animals, the Wrst atti-
tude has been to create in diVerent institutions or
companies diVerent models of epidermal cell cultures,
each research group claiming that its own model was
certainly the best for very speciWc reasons. Then, over
the past few years, diVerent commercially available cul-
tured human skin models have been developed by pri-
vate companies such as MatTek Corporation, L’Oréal,
SkinEthic, Organogenesis, Advanced Tissue Sci-
ences, etc. This situation has created initially a reallyArch Dermatol Res (2007) 298:361–369 367
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beneWcial competition between producers of skin cul-
tures and the competition has accelerated signiWcant
improvements. However, when one turns to the devel-
opment a highly speciWc assays aiming at the replace-
ment of animals, when determining whether a new
chemical exhibits irritative and/or sensitising proper-
ties, no company can reasonably aVord relying on one
unique producer of skin or epidermal models. Indeed,
dependence on one source of a model for such a crucial
part of the activity means that any interruption in the
source of the model can become an economical catas-
trophe, whichever the cause of the interruption: col-
lapse or re-orientation of the company, technical
problem during the production of the model, unavail-
ability of the model due to restrictions imposed by the
owner of the producing company (who can be a direct
competitor of the customer), etc. For example, in
1996–1997, the model Skin2TM and EPISKIN became
unavailable due to marketing decisions of the produc-
ers. Therefore, ECVAM and a lot of laboratories had
to support a new validation study to determine
whether another human skin model (EpiDerm; avail-
able since 1992) could replace the previous tested com-
mercial models.
Thus, contrarily to the current tendency that places
back-to-back all the producers of epidermal models,
and despite some concordance can be found when
comparing diVerent models [15], it would be the inter-
est of everybody if customers do favour models devel-
oped hand-in-hand by diVerent laboratories in diVerent
corners of the world. Indeed, this type of collaboration
will be the only way to provide customers with models
whose production could never be totally interrupted
for any reason.
With this idea in mind, we demonstrated in 2004 that
the model available from Skinethic and based on the
publication by Rosdy and Claus [42] can be reproduced
nicely with materials easily available, showing that ade-
quate culture conditions provide an environment that
produces a normal looking epidermis [36]. Only the
large scale production remains a limitation.
Conclusions
Modelling the epidermis for in vitro analysis of its indi-
vidual components, but also in order to identify and
understand their behaviour in an environment either
normal or conditioned by chemicals or pathogens, has
been a challenge for several reasons: 
– The progress of cell and tissue biology render possi-
ble detailed analysis of skin components
– Isolated components clearly demonstrate their con-
tribution to the tissue’s function
– The replacement or reduction of laboratory animals
for the testing of chemicals and cosmetics requested
by activists has found an echo in legal enforcement
in more and more areas around the world.
Simple models give simple answers to questions asked
on the functioning epidermis or its components. How-
ever, since the main function of the epidermis is found
in the corniWed layer, more sophisticated models
allowed the assay of properties linked to this function.
A true race at getting the best model was started. How-
ever, contrarily to classical economical requirements
for a product, which customers want cheapest and best,
it is progressively recognized that the main require-
ment is now for models that won’t be discontinued
before other tests become available. Thus, the Wrst
requirement in order to guarantee the longevity of a
model is the publication of all its characteristics, but
second that the model is ideally available with closely
similar (if not identical) characteristics from at least
two diVerent and totally independent sources. No
monopoly seems desirable for the future of living epi-
dermal models.
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